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Abstract 
Composites of single wall carbon nanotubes (SWNTs) and polypyrrole (PPy), and multiwall carbon nanotubes (MWNTs) 
and polyaniline (PANI), were prepared by in situ chemical polymerization. Electrodes for supercapacitors were formed by 
pressing the PPy/SWNT and PANI/MWNTs. To evaluate the specific capacitance values of the carbon nanotube/conducting 
polymer electrodes, galvanostatic charge-discharge cycling tests and cyclic voltammograms were performed. Cyclic 
voltammograms of the nanocomposites present a rectangular shape, showing good capacitive behaviour. In the galvanostatic 
experiments, composites also show good characteristics of capacity and low resistance. The nanocomposite material 
electrodes show higher specific capacitances than the as grown carbon nanotube electrodes and higher stability than the 
conducting polymers. 
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1. Introduction  
 
Carbon materials with high surface area are, in principle, 
suitable electrode materials for electrochemical double 
layer (EDLCs) capacitors. Carbon nanotubes were soon 
probed as active electrode materials for EDLCs with initial 
promising results [1]. Good behavior can be expected from 
multi walled (MWNTs) and single walled (SWNTs) 
nanotubes due to their low mass density, morphology, 
mechanical properties [2] and porous structure. Moreover, 
at high current density, values of specific capacitance that 
are comparable to those exhibited by high area activated 
carbons can be strikingly reached with carbon nanotubes, 
although these present lower BET surface areas.  
An improvement in the capacitance of carbon nanotubes 
can be realized by preparing carbon-conducting polymer 
nanocomposites. Such a modification induces faradaic 
pseudocapacitance effects apart from electrostatically 
charges accumulation.  
Several works [3-5] have demonstrated the suitability of 
these methods to improve the carbon nanotubes  
capacitance and consequently, their applicability as 
electrodes in supercapacitors. Here we present results 
obtained with polyaniline (PANI)/MWNTs) and 
polypyrrole (PPy/SWNTs) composites. 
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2. Experimental 
 
2.1.Synthesis of Carbon Nanotubes 
 
MWNTs were prepared in an arc-discharge experiment 
by sublimation of pure graphite rods under helium 
atmosphere of 66 kPa using a current of 60 A and a voltage 
of 25 V. Sample material was collected from the inner core 
of the formed cathodic deposit and consist of straight well-
graphitized MWNTs of micrometer lengths and 20–30 nm 
in diameter as well as a few graphitic nanoparticles as 
impurities. 
SWNTs were also synthesised using electric-arc 
discharge method. The atomic ratios of the metals used as 
catalysts were 2/0.5 (Ni/Y). The sample of SWNTs was 
collected from the material deposited at the walls of the 
electric-arc reactor. 
 
2.2. Synthesis of Conducting Polymers/CNTs Composites 
 
The PANI/MWNT nanocomposite was synthesized by an 
in situ polymerization process, i.e. by chemical 
polymerization of aniline in the presence of MWNTs, 
according to [6]. In this process the polyaniline results in its 
primary doped form, i.e. emeraldine salt. The 
polymerization yield, according to stoichiometric relations 
with respect to the aniline monomer, was determined as 
30% of MWNTs.  
For the chemical polymerisation of pyrrole. composites 
preparation, SWNTs were dispersed in a solution of ferric 
chloride in water following previously reported procedures 
[7]. The resulting solution was cooled to 0º C and pyrrole 
was added under mild magnetic stirring. After a reaction 
time of 60 min, the resulting black precipitate was filtered, 
repeatedly washed and finally dried under vacuum until 
constant weight. 
 
2.3. Electrochemical measurements 
The electrodes for the supercapacitors were prepared by 
dry mixing and pressing the nanocomposite powders. The 
supercapacitors were assembled as a sandwich form, in 
which two identical electrodes of about 100 mg and 15 mm 
diameter (1.72 cm2) were separated by a layer of Celgard 
3401 wetted with either 7.5N KOH (for pure CNTs) or 3M 
H2SO4 (for polymers and composites). Swagelok type 
Teflon cells were used for the assembly of the 
supercapacitor.  
Voltammetry characteristics and galvanostatic charge-
discharge cycling with potential limitation (MPG, Biologic 
Science Instrument) have been used for the evaluation of 
capacitance values. Capacitance values were calculated by 
(I·∆t)/∆V when I is the constant charge current and ∆t is the 
charge time. A current of 2 mA/cm2 was applied in the 
charge discharge measurements. 
 
3. Results and discussion  
 
It is known that the electrical conductivity of the 
electrode materials has influence in the supercapacitor 
performance. In the present work, conductivity may have 
little contribution to the results, but, as a guide, 
conductivity data of nanotubes, polymers, and composites 
are included in Table 1. PPy has the highest conductivity, 
and PANI the lowest, although PANI is equally considered 
as a conducting polymer. Composites present conductivity 
values between those of the components of the material. 
Figures 1 and 2 show the cyclic voltammogram 
characteristics of CNTs, PANI, PPy, and 50/50 PPy/CNTs 
composites. The composites present rectangular shaped 
diagrams, typical of capacitive systems. The 
voltammograms for the polymers show higher capacitance, 
and also higher resistance characteristics. 
The good capacitive behaviour of the composites can 
also be observed in the galvanostatic charge-discharge 
cycling (not shown), with very low resistance values. From 
these experiments, the capacitance was calculated. The 
specific capacitances (calculated for the first cycle) of PPy, 
PANI, SWNTs, MWNTs, and 50/50 Polymers/CNTs 
composites are included in Table 1. Values for the polymers 
are much higher than for nanotubes, and the composites 
present intermediate values, in agreement with 
voltammetry observations. 
Nevertheless, the composites present much higher 
stability than pure polymers with cycling. Although initial 
specific capacitance of the composites is not very high, the 
decay of this value with cycling is much lower than for the 
pure polymers. Hence, if a supercapacitor with long 
durability is needed, composites are preferable. 
 
Table 1 
Specific Capacitance values from galvanostatic charge-discharge 
measurement technique 
 
Sample C(F/g) 
Conductivit
y (S/cm) 
PPy 235 239 
50/50 PPy/SWNT 131.3 67 
SWNT 9.7 5.14 
PANI 295.8 0.05 
50/50 
PANI/MWNT 
152.8 0.3 
MWNT 0.3 0.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Cyclic voltammetry behaviour (specific current vs. voltage) 
of pure PANI, as grown MWNt 50//50 MWNT/PANI 
nanocomposites at a sweep rate of 2 mV/s.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Cyclic voltammetry behaviour (specific current vs. voltage) 
of as grown SWNT and  50/50 SWNT/Ppy  nanocomposites at a 
sweep rate of 2 mV/s and pure PPy at 20 mV/s. 
 
 
 
-0,3
-0,2
-0,1
0
0,1
0,2
0,3
0,4
0 0,1 0,2 0,3 0,4 0,5
PANI
PANI/MWNT
MWNT
C
ur
re
nt
 (A
/g
)
Voltage
-0,4
-0,3
-0,2
-0,1
0
0,1
0,2
0,3
0,4
-1
-0,5
0
0,5
1
0 0,2 0,4 0,6 0,8 1
SWNT
PPy/SWNT
PPy
C
ur
re
nt
 ( 
A
/g
) Current ( A
/g)
Voltage
References 
 
[1] Niu C, Sichel EK, Hoch R, Moy D, Tennet H. High power 
electrochemical capacitors based on carbon nanotube electrodes. 
Appl Phys Lett 1997; 70 (11): 1480-1482. 
[2] Emmenegger Ch, Mauron Ph, Sudan P, Wenger P, Hermann V, 
Gallay R, Züttel A. Investigation of electrochemical double-
layer (ECDL) capacitors electrodes based on carbon nanotubes 
and activated carbon materials. Journal of Power Sources 2003; 
124: 321-329. 
[3] Frackowiak E, Béguin F. Electrochemical storage of energy in 
carbon nanotubes and nanostructured carbons. Carbon 2002; 40: 
1775-1787. 
[4] Hughes M, Shaffer MSP, Renouf AC, Singh C, Chen GZ, Fray 
DJ, Windle AH. Electrochemical capacitance of nanocomposite 
films formed by coating aligned arrays of carbon nanotubes with 
polypirrole. Adv. Mater. 2002; 14: 382-385. 
[5] Khomenko V, Frackowiak E, Beguin F, Electrochimica Acta (In 
Press) 
[6] Cochet M, Maser WK, Benito AM, Callejas MA, Martinez, MT, 
Benoit JM, Schreiber J, Chauvet O. Chem. Commun.2001; 
1450–1. 
[7] Calvo PA, Rodríguez J, Grande H, Mecerreyes D, Pomposo JA. 
Chemical oxidative polymerization of pyrrole in the presence of 
m-hydroxybenzoic acid and m-hydroxycinnamic acid related 
compounds. Synthetic Metals 2002; 126 (1): 111-116. 
